Introduction
The existence of cryptic species, i.e. two or more species that have been classified as a single nominal species because they are, at least superficially, morphologically indistinguishable (Bickford et al. 2007) , has always presented a problem for morphological taxonomists. The advent of molecular methods for determining genetic distance between populations has provided a valuable tool for detecting the presence of such species and has resulted in very significant increases in estimated species richness in many regions (Bickford et al. 2007 , Fouquet et al. 2007 , Funk et al. 2012 , Dawood et al. 2002 . Identification of cryptic species has important implications in other fields such as conservation, biogeography, agriculture and medicine (Angula & Icochea 2010 , Bickford et al. 2007 , Paterson 1991 .
Once cryptic species are identified, subsequent examination often reveals subtle but consistent morphological differences (eg. Elmer & Connatella 2008 ), but it is usually necessary to adopt an integrated approach by including characteristic behavioural and/or ecological differences in the species descriptions. Bioacoustics has proved valuable in this regard due to the function of the advertisement call as a species specific mate recognition signal (Passmore 1985 , Paterson 1985 , and is now widely used in frog taxonomy (eg. Köhler et al. 2015) .
Breviceps Merrem, 1820 currently comprises 16 species, of which 12 are endemic to South Africa, Lesotho and Swaziland (Frost et al. 2017) . As Poynton (1964:70) noted, "the diagnosis of the different forms of Breviceps is particularly difficult on account of the variation and slight morphological differentiation". However, the inclusion of advertisement calls as a diagnostic character resulted in the discovery of two cryptic species (Minter 2003) and facilitated reliable identification in the field. Genetic characterisation of several Breviceps populations in Mozambique and north-eastern South Africa has identified additional divergent lineages which may represent undescribed cryptic species (Nielsen et al. unpub. data) .
In 1988, LM collected a sample of 22 Breviceps specimens (19 with associated calls) from three locations west of Tembe Elephant Reserve in the vicinity of the Phongolo River, which he provisionally assigned to B. adspersus Peters, 1882 on the basis of morphological and advertisement call characters (Minter 1998) . At one locality, some individuals produced single, strongly pulsed calls, longer than that of a typical B. adspersus advertisement call, while others gave relatively short calls, which were usually grouped. When the combined call sample was analysed, the range of variation in several call parameters overlapped broadly with those of the Polokwane population assigned to typical B. adspersus. He noted, however, that "the unusually large coefficients of variation in call duration and pulse number and the unusually long calls emitted by some individuals invite further investigation" (Minter 1998: 80) .
In 2015 a population of a Breviceps with an unusual advertisement call was discovered at Hluhluwe, and an additional specimen was photographed and its call recorded by Darel Dell at Phinda Private Game Reserve, about 35 km north of Hluhluwe. These individuals are also morphologically similar to B. adspersus, but whereas the latter produces pulsed calls, in this species the calls are pulsatile, i.e. neither tonal nor pulsed, but exhibiting barely quantifiable amplitude modulation (sensu Köhler et. al. 2017) . Additional specimens, tissues and calls of both the Tembe and the Hluhluwe populations were collected in 2017. This study uses molecular, bioacoustic and morphological data to describe two new cryptic Breviceps species.
Materials and methods
Sampling. Specimens were collected in northern KwaZulu-Natal, South Africa (Table 1 ; Fig. 1 ). After calls were recorded, air temperature was measured at ground level using a Sensortek Bat-12 digital thermometer (accurate to 0.1°C). Captured specimens were weighed on a Sartorius PT120 portable balance (accurate to 0.01g), photographed, euthanased using tricaine methanesulfonate (MS222) solution, fixed in 10% buffered formalin and preserved in 70% ethanol. Liver samples were taken following euthanasia and were preserved in 100% ethanol for genetic analysis. Holotype, holotype advertisement calls and paratypes were deposited at the South African Institute for Aquatic Biodiversity (SAIAB); additional paratypes were deposited in the herpetological collection of the Port Elizabeth Museum (PEM), while those paratypes collected in 1988 by LM remain in the Ditsong Museum of Natural History (TM).
Bioacoustics. Advertisement calls were recorded in the field using various recorders (Marantz PMD671 digital recorder set to PCM 24 bit audio format and a sampling frequency of 44.1 kHz, Sony TC-D5PROII tape recorder, Nagra-AresM digital recorder) and an external microphone (Sennheiser ME80). Analogue to digital conversion was carried out on the Marantz recorder and the digital signals were analysed using Raven Pro Version 1.5.0 (www.birds.cornell.edu/raven). Spectrograms were generated using a Hanning window, set at Window size 45 and 300; DFT size 512. One to three call bouts were recorded before collecting each specimen and three advertisement calls per male were analysed. Because of the small sample sizes, it was not possible to calculate and apply correction factors for temperature and mass.
The bioacoustic terminology used here follows Köhler et al. (2017) , and is call-centred, i.e., the call is defined as "the main coherent sound unit", separated from other calls by an interval of silence that is usually the same length, or longer, than the call. In the genus Breviceps males advertise their presence by producing a series of identical, repeated calls. Each call is emitted during a single expiration, and may be tonal, pulsatile or pulsed. The period of vocal activity during which the series of calls is produced is referred to as a call bout: these are usually separated by relatively long intervals of silence (1.5 to 10 minutes in B. adspersus, n = 100, Minter 1995) which become shorter as the chorus intensity increases. A call bout may contain a series of single calls or, in some species, the calls may be condensed into call groups consisting of two, three or more, evenly spaced calls. The size of the call group is related to chorus strength: in low intensity choruses, the call bout may contain predominantly single calls. The interval between calls (call period) within a group is shorter and less variable than the call period between single calls or between two call groups (Minter, 1995 (Minter, , 1997 (Minter, , 1998 . Parameters within the call group and call, that show the least variation, such as call period, call rate, call duration, pulse number, pulse rate and dominant frequency, are likely to function in mate recognition.
The following call parameters were measured: call period (call interval sensu Minter 1995 Minter , 1997 Minter , 1998 ) within call groups (s), defined as the interval between two consecutive calls within a group, measured from the beginning of one call to the beginning of the consecutive call; call period between single calls/call groups (s), defined as the call period between consecutive single calls, or between the beginning of the last call in a group and the beginning of the first call of the consecutive group or single call; call (repetition) rate within call groups (min -1 ), calculated as where x = the number of calls in a call group, y = time (s) from the beginning of the first to the beginning of the last call in the group; call duration (s) measured, in an oscillogram, from the beginning of the first to the end of the last recognisable pulse (in pulsatile and tonal calls, the entire call), and pulse (repetition) rate (s -1 ) defined as the time between the beginning of the first and the beginning of the last recognisable pulse, divided by the number of pulses between these points. Dominant frequency (Hz) was measured as the peak frequency of the call in a spectrogram slice view taken through the midpoint of the call. The same call parameters were used by Minter (1995 Minter ( , 1997 Minter ( , 1998 in the analysis of calls of B. adspersus, B. mossambicus Peters, 1854 and B. poweri Parker, 1934 , referred to in this publication. Mucina & Rutherford (2006) and the distribution records for Breviceps carruthersi sp. nov. and B. passmorei sp. nov. The type localities are indicated by white arrows. Morphology. Linear morphometric measurements of body length were taken using a manual vernier caliper while the head, feet and toes were measured using a Nikon AZ100 (Nikon, Amsterdam ) microscope fitted with NIS Elements software. Measurements included the following variables, measured on both sides of the specimen: distance between anterior corners of eyes (EAD); distance between posterior corners of eyes (EPD); eye-snout distance measured as distance from the tip of head to anterior corner of eye (ES); fifth toe length (T5L); fifth toe width (T5W); first toe length (T1L); first toe width (T1W); foot length measured from proximal edge of inner metatarsal tubercle to tip of longest toe (FL); fourth toe length (T4L); inner metatarsal tubercle length (IMTL); internarial distance measured as distance between medial margins of nostrils (IND); maximum head-width (HW); nostril-ocular distance (NOD); nostril-upper lip distance measured as distance from medial margin of nostril to margin of upper lip (NL); palpebral fissure length (PFL); snout-vent length (SVL). Standard statistics were calculated using Microsoft Excel.
Molecular analysis. Total genomic DNA was extracted from liver tissue following the standard protocol for human or animal tissue and cultured cells as detailed in the NucleoSpin®Tissue Genomic DNA Tissue Kit (Macherey-Nagel, Düren, Germany). The primer sets, 16SaR-F (5'-CGCCTGTTTAYCAAAAACAT-3') and 16SbR-R (5'-CCGGTYTGAACTCAGATCAYGT-3') sourced from Kocher et al. (1989) , as modified by Bossuyt & Milinkovitch (2000) were used to amplify a fragment of the mitochondrial 16S rRNA gene. In amphibians, these are widely accepted markers in DNA barcoding (Vences et al. 2005) . We performed Polymerase Chain Reaction (PCR), using 12.5 μl Thermo Scientific DreamTaq PCR master mix (2×) (2× DreamTaq buffer, 0.4 mM of each dNTP, and 4 mM MgCl2), 1.25 μl of each primer (10 μM), and 1 μl DNA. The final reaction volume was made up with PCR-grade nuclease free water (Thermo Scientific, Vilnius, Lithuania) to adjust the volume to 25 µl. PCR reactions were carried out using a ProFlex™ PCR thermal cycler (Applied Biosystems by Life Technologies). Conditions were: initial denaturation at 95°C for 90 seconds, followed by 34 cycles entailing a 95°C denaturation for 45 seconds, annealing at 51°C for 45 seconds, with an end extension of 72°C for 90 seconds, and a final extension at 72°C for 5min. PCR products were sent to a commercial sequencing company (Inqaba Biotechnical Industries (Pty) Ltd, Pretoria, South Africa) for purification and sequencing in both directions. Resultant sequences were assembled, and chromatogram-based contigs were generated and trimmed using Geneious R9.1 (http:// www.geneious.com, Kearse et al. 2012) . Sequence and species identity was verified against previously published sequences using the Basic Local Alignment Search Tool (BLAST) (Altshul et al. 1990) . Also, 16S rDNA sequences from four comparative Breviceps species ( (unpub. data) and added to the analysis, due to their close morphological similarity, advertisement call structure or their geographical distribution. We further selected Breviceps gibbosus (Linnaeus, 1758) (see Peloso et al. 2015: KM509100) and Breviceps macrops Boulenger, 1907 (see Channing & Wahlberg 2011 as outgroup species, due to their phylogenetic placement within the B. gibbosus complex, a sister group to the B. mossambicus complex (Nielsen et al. unpub. data) . In all analyses, only nucleotide sequences with intraspecies variation were selected, to avoid the use of redundant sequences from the same haplotype. Sequences were aligned using the MUSCLE alignment tool (Edgar 2004) implemented in Geneious R9.1. The dataset consisted of 20 sequences (Table 2 ) with a total length of 415 nt. Bayesian inference (BI) analysis was used to infer the phylogenetic relationships. Prior to the analysis a model test was performed to determine the most suitable nucleotide substitution model, according to the Akaike Information Criterion (AIC) using jModelTest 2.1.7 (Guindon & Gascuel 2003; Darriba et al. 2012 ). The best model identified by the best AIC score was the General Time Reversible model with estimates of invariable sites and a discrete Gamma distribution (GTR+I+Γ). The BI analysis was implemented from within Geneious R9.1 using MrBayes 3.2.2 (Ronquist & Huelsenbeck 2003) . For the BI analysis, posterior probability values were calculated using the Markov Chain Monte Carlo (MCMC) algorithm which was run for 10 7 generations, sampling with a frequency of 10 2 generations and using the default parameters. The first 25% of the trees were discarded as 'burn-in' with no 'burn-in' samples being retained. Results were visualised in Trace (implemented from within Geneious R9.1), to assess convergence and the burn-in period. Uncorrected pairwise distances (p-distance) were determined with PAUP version 4.0a152 (Swofford 2002) . The analysis comprised the 20 samples used in the phylogenetic analysis. We deposited all sequences obtained in the current study in the NCBI GenBank database under the accession numbers: MF288975 -MF288989.
Results
The results show substantial genetic divergence (> 6.8% uncorrected p-distance) between and among the candidate new species and the potentially sympatric and/or morphologically similar B. adspersus, B. mossambicus, B. poweri and B. cf. sopranus. Bioacoustic analysis revealed significant differences from these species in several relatively stable advertisement call parameters, such as call duration, pulse number and amplitude modulation, supporting the hypothesis that two undescribed cryptic species are represented in the samples. Although a few morphological characters showed minimal intraspecific variation in the candidate species, they were of limited diagnostic value in distinguishing them from B. adspersus, B. mossambicus, B. poweri and B. cf. sopranus.
Phylogenetic analysis. Amplicons of between 553-560 nt of the mitochondrial 16S rRNA gene were derived from liver tissue of B. carruthersi sp. nov. (n=10) and B. passmorei sp. nov. (n=5). Based on the uncorrected pdistance the closest relative to B. carruthersi sp. nov. is B. cf. sopranus with an interspecific divergence of 6.8-7.3%, while the closest relative to B. passmorei sp. nov. is B. carruthersi sp. nov., with an interspecific divergence of between 7.3-7.5% (Table 3 ). The average intraspecific divergence for B. carruthersi sp. nov. and B. passmorei sp. nov. was 0.2-1.5% and 0.2%, respectively (Table 3 ). In the phylogenetic analysis, the BI tree showed polytomy separating B. adspersus, B. mossambicus and B. poweri in distinct clades, with Breviceps carruthersi sp. nov., B. passmorei sp. nov., and B. cf. sopranus shown to form a well-supported monophyletic clade (Fig. 2) . Paratypes (12 males, 2 females). Three adult males (PEM A11993-11995), collected 14 December 2015 by LM at Hluhluwe 1; (see Table 1 for locality details); Six adult males (PEM A11996-11998; SAIAB 204592-204594) and one adult female (SAIAB 204595), collected 24 January 2017 by LM & LdP at Hluhluwe 1; two adult males (PEM A11999; PEM A12000), collected 24 January 2017 by Francois Becker at Hluhluwe 2; one adult male (PEM A12001) and one adult female (PEM A12002), collected 24 January 2017 by L. Verburgt, U. Verburgt and A. Coetzer at Ngwenya.
Differential diagnosis. This species is placed in the genus Breviceps on the following grounds: snout extremely abbreviated; mouth narrow and downturned; short limbs which, at rest, are held close to the body, not projecting beyond the body outline; digits tapering to apex; inner and outer toes very short or rudimentary; inner and outer metatarsal tubercles well developed, confluent or separated by a narrow groove; vent terminal, not deflected downwards. Furthermore, the placement of these species is supported by monophyly of the mitochondrial 16S marker with other Breviceps taxa (Fig. 2) .
Breviceps carruthersi is geographically isolated by substantial distances (180-3600 km) from all other known species except B. adspersus, B. passmorei, B. mossambicus and B. sopranus (Fig 1. , Minter et al. 2004 a-c Power, 1926 . The dorsal colouration and markings of B. carruthersi closely resemble that of B. adspersus, B. poweri and B. bagginsi and to a lesser extent those of B. mossambicus, which may lack paravertebral patches while retaining dorsolateral patches, and B. sopranus, in which both markings are present but indistinct.
The advertisement call of B. carruthersi is pulsatile, distinguishing it from all other Breviceps species (except B. branchi), which have either pulsed or tonal calls. The advertisement call of B. branchi is unknown: the holotype specimen was collected north of Port Nolloth, 1800km from Hluhluwe, and resembles B. namaquensis and B. macrops in morphology, having large eyes and fleshy webbing). The calls of B. carruthersi are grouped within the call bout, with up to 28 calls/group. In B. poweri , which has grouped, tonal calls (Minter 1997) , the mean call duration is 0.14 s (0.07 s in B. carruthersi) and occupies a lower frequency range of 1557-1903 Hz (2182-2481 Hz in B. carruthersi). Breviceps adspersus, B. bagginsi, B. mossambicus (Mozambique Island) and B. passmorei differ from B. carruthersi in having pulsed calls with a mean duration of 0.193, 0.198, 0.05 and 0.305 s, respectively (Minter 1997 (Minter , 2003 , this publication), while B. sopranus has a very long tonal whistle with a mean duration of 1.5 s and a mean dominant frequency of 3332 Hz (Minter 2003) .
This new species differs from other species within the Breviceps mossambicus complex with regard to the 16S marker, by a net uncorrected p-distance value of 6.8-11.3% (see Table 3 ). In the case of B. bagginsi reliable identified tissue was not available but this species differs from B. carruthersi in advertisement call structure (see above).
Description of holotype (Table 5 ; Figs. 3A-C, E). Morphometrics are given in Table 5 . A male, SVL 34 mm. Snout extremely abbreviated; pupils horizontally elliptic; tympanum not distinguishable. Vent terminal. Skin of dorsum glandular: its surface consists of irregular folds and numerous small and large tubercles, giving it a densely granular appearance; the openings of the dermal glands are closely spaced and evenly distributed. Ventrum smooth. Limbs short. Fourth (outer) finger reaches the distal subarticular tubercle of the third finger; subarticular tubercles of third finger undivided. Webbing absent. No divided subarticular tubercles on hands or feet were observed. Welldeveloped inner metatarsal tubercle separated from outer metatarsal tubercle by a deep cleft. Outer toe very short, barely reaching basal subarticular tubercle of fourth toe.
Colour in life: dorsum of body light orange-brown to dark brown, with very dark tubercles forming an incomplete border to the anterior pair of light brown paravertebral patches. Interocular bar present but indistinct; light paravertebral patches distinct; three light dorsolateral spots present, not sharply demarcated. Light vertebral line absent; indistinct heel-to-heel line and small, poorly demarcated cream patch over urostyle present. A broad black stripe runs obliquely downwards, from margin of lower eyelid towards base of arm, not reaching it; anterior to this, a broad white stripe runs down to angle of mouth and onto upper and lower lips and separates dark stripe from gular patch. Gular patch uniformly dark anteriorly, becoming mottled posteriorly. Sides of body between limbs light brown with scattered white speckles. Pectoral region and ventrum immaculate, white. In the preserved specimen orange-brown has faded to cream and shades of grey (Figs. 3B, C) . Holotype advertisement call (Fig. 4) . Several call bouts consisting of 16 call groups were recorded at the Sports Club in Hluhluwe, on 24
th January 2017 at 23h38; air temperature 24 °C. It was raining heavily and a strong chorus had developed. The calls are pulsatile, with amplitude modulation barely distinguishable in most calls, while a few are more strongly modulated; amplitude increases gradually from the start, falling rapidly at the end of the call. Frequency modulation absent. Two to three harmonics are present. All calls in the call bout are condensed into groups consisting of 8-21 calls (mean 12, sd 4). Means and ranges for three calls/call groups are: call period within call group 0.211 s (0.204-0.227); call rate 294 min -1 (290-301); call duration 0.078 s (0.074-0.086); dominant frequency 2378 Hz (2350-2392). (Fig. 4D) ; DFT size 512.
Paratype variation ( Fig. 3D ; Tables 4-5). Morphometrics are given in Table 5 . All specimens resemble the holotype in the absence of a visible tympanum; skin densely granular dorsally and laterally, smooth ventrally; one specimen granular laterally, not dorsally. Outer finger reaches distal subarticular tubercle of third finger in 13 specimens, falling just short in one; subarticular tubercles on third finger not divided. Cleft separating inner and outer metatarsal tubercles deep in seven specimens, shallow in seven. Outer toe very short, wider than long, falling short of basal subarticular tubercle of fourth toe in 10 specimens; reaching it in four.
Colour in life: dorsum orange-brown in eight specimens, dark brown in five and pale cream in one unpigmented individual; dark tubercles on dorsum scattered in four, forming a dark border to the lighter paravertebral patches in 10; white lateral speckles present in 13, absent in one. Interocular bar present in seven specimens, indistinct in six, not visible in the unpigmented specimen; light paravertebral patches present in eight, indistinct in six; three light, dorsolateral spots present in 11, indistinct in three. Light mid-vertebral line absent in 12 specimens, present posteriorly in two. A distinct, light-yellowish patch present over the urostyle in four specimens, indistinct in eight, absent in two; light heel-to-heel line indistinct in three, absent in eleven. A broad, black stripe runs obliquely downwards from margin of lower eyelid towards base of arm, reaching it in seven specimens, falling short in seven; anterior to this, a broad white stripe runs down to angle of mouth and onto upper and lower lips in all individuals, separating the dark stripe from the gular patch. Gular patch with scattered, darkgrey mottles on a white background in the two female specimens. In males the gular region is unpigmented in one, uniformly grey or darkened along the lower jaw, becoming lighter medially, in six; in five specimens the gular patch is mottled posteriorly, on a grey to yellowish-brown background. Pectoral region white, with scattered spots in three males. Ventrum immaculate white in 13 specimens; a few scattered spots in one.
Colour in preservative: dorsum of body medium to dark grey. Paravertebral patches beige to dark brown or dark grey in some. Interocular bar indistinct and beige to dark brown. Dorsolateral patches distinct and pale. Heelto-heel line indistinct to absent. Cream patch over urostyle distinct, present in all but two specimens. Facial stripe prominent, dark grey to black. Gular patch uniformly dark anteriorly, becoming mottled posteriorly in most males, mottled in females. Ventrum immaculate, creamy-white.
Advertisement call data for the paratype males is presented in Table 3 . No significant differences between the calls of the holotype male and the paratypes were found.
Etymology. This species is named for Vincent Carruthers who, through his numerous books and articles on the natural history of southern Africa in general, and frogs in particular, has done much to stimulate interest in these much-maligned creatures.
Distribution and habitat. Currently known only from the area around Hluhluwe and Phinda Game Reserve ( Fig. 1; Table 1 ). (Vegetation types as defined by Mucina & Rutherford, 2006) . Hluhluwe is situated in vegetation type SVI 23 (Zululand Lowveld), which grades into SVI 20 (Western Maputaland Clay Bushveld) on the eastern perimeter of the town. At Phinda Private Game Reserve B. carruthersi occurs mainly in the south, on SVI 20 and SVI 23, as well as SVI 6 (Southern Lebombo Bushveld), less commonly in the sandy soils of CB 1 (Maputaland Coastal Belt) to the north (Daryl Dell 2017, pers. comm.) . The first 18 km of the R22 between Hluhluwe and Sodwana consists of SVI 21 (Makatini Clay Thicket), continuing northwards as CB 1.
Field observations. Calls were recorded between 18h45 and 01h15, during and after moderate to heavy rain. Two males were calling from shallow depressions at the base of grasstufts, while the remainder called from exposed positions on the surface. When the vocal sac is inflated, the white stripe separating the gular patch from the dark eyestripe is conspicuous and may function as a visual signal. Differential diagnosis. This species is placed in the genus Breviceps on the following grounds: snout extremely abbreviated; mouth narrow and downturned; short limbs which, at rest, are held close to the body, not projecting beyond the body outline; digits tapering to apex; inner and outer toes very short or rudimentary; inner and outer metatarsal tubercles well developed, confluent or separated by a narrow groove; vent terminal, not deflected downwards. Furthermore, the placement of these species is supported by monophyly of the mitochondrial 16S marker with other Breviceps taxa (Fig. 2) .
Breviceps passmorei sp. nov. is geographically isolated by substantial distances (320-3600 km) from all other known species except B. adspersus, B. carruthersi, B. mossambicus and B. sopranus (Fig. 1., Minter et al. 2004a-c) . B. bagginsi and B. verrucosus, which have been recorded as close as 320 km from Ndumo, have different habitat preferences: open, moist grassland, and forest or forest fringes, respectively.
Morphologically, B. passmorei can be distinguished from B. macrops, B. namaquensis and B. branchi by its relatively small eyes; the prominent facial mask separates it from B. acutirostris, B. fuscus, B. gibbosus and B. macrops; the very short outer toe (as long as it is wide) separates this species from all other known species except B. acutirostris, B. adspersus, B. bagginsi, B. carruthersi sp. nov., B. mossambicus, B. poweri, B. rosei and B. sopranus. The dorsal colouration and markings of B. passmorei closely resemble that of B. adspersus, B. bagginsi, B. carruthersi and B. poweri and, to a lesser, extent those of B. mossambicus, which may lack paravertebral patches while retaining dorsolateral patches, and B. sopranus, in which both markings are present but indistinct.
The advertisement call of B. passmorei is strongly pulsed, distinguishing it from B. macrops, B. namaquensis, B. poweri and B. sopranus, which have tonal calls, and B. carruthersi, in which the call is pulsatile. Under optimum conditions, B. passmorei may condense the calls in the call bout into groups of two to three calls, as do B. adspersus and B. mossambicus, but its call has a longer mean duration: 0.305 s compared with 0.193 s in B. adspersus, 0.198 s in B. bagginsi and 0.05 s in B. mossambicus (Minter 1997) , and a shorter mean duration than that of B. verrucosis (0.612 s, Minter 2003) . The advertisement calls of B. bagginsi are not arranged in groups, but consist of a single, rapidly repeated series of pulsed calls (numbering 7 -19, Minter 2003) .
This new species differs from other species within the Breviceps mossambicus complex with regard to the 16S marker, by a net uncorrected p-distance value of 7.1-13.7% (see Table 3 ). In the case of B. bagginsi reliable identified tissue was not available but this species differs from B. passmorei in advertisement call structure (see above).
Description of holotype (Tables 6-7 , Figs. 5A-C, E). Morphometrics are given in Table 7 . A male, SVL 36.4 mm. Snout extremely abbreviated; pupils horizontally elliptic; tympanum not distinguishable. Vent terminal. Skin of dorsum very glandular, with closely spaced openings of dermal glands that produce the adhesive secretion during amplexus; its surface consists of irregular small folds and tubercles with scattered larger tubercles, giving it a granular appearance. Skin of ventrum glandular, relatively smooth.
Limbs short. Fourth (outer) finger reaches distal subarticular tubercle of third finger; subarticular tubercles of third finger undivided. Webbing absent. No divided subarticular tubercles on hands or feet were observed. Welldeveloped inner metatarsal tubercle separated from outer metatarsal tubercle by a shallow cleft. Outer toe falls short of basal subarticular tubercle of fourth toe. Colour in life, dorsum of body light brown to orange-brown; scattered dark blotches join to form a reticulated pattern; tubercles light to dark brown, becoming almost black around the light paravertebral and dorsolateral patches; laterally, some tubercles are unpigmented, forming conspicuous white speckles; six light brown paravertebral, and four dorsolateral patches present; interocular bar present, from which a light vertebral line runs posteriorly to urostyle, joining a distinct heel-to-heel line; there is an indistinct, creamy-yellow spot on urostyle at its junction. A broad, black stripe runs obliquely downwards, from margin of lower eyelid towards base of arm, not reaching it; anterior to this, a broad white stripe runs down to angle of mouth and onto upper and lower lips, separating the dark stripe from gular patch. Gular region not heavily pigmented, with confluent, dark spots anteriorly and laterally.
Sides of body between limbs, light brown with large dark blotches bordering the light dorsolateral patches; unpigmented tubercles form scattered white speckles. Pectoral region and ventrum immaculate, white. In the preserved specimen, orange-brown and brown has faded to cream and shades of grey (Figs. 5 B, C) . amplitude increases gradually throughout the call, falling rapidly at the end. Call rate for the entire bout is 62 min Fig. 5D ; Tables 6-7) . Morphometrics are given in Table 7 . All specimens resemble the holotype in having an extremely abbreviated snout, horizontally elliptic pupil, absence of a visible tympanum, terminal vent and glandular skin. Skin of dorsum granular in 10 individuals, densely granular in five, granular laterally in five; tubercles light to dark brown, becoming almost black around the light paravertebral and dorsolateral patches; dark tubercles on dorsum randomly scattered in 11, confluent in seven, forming a dark border to the lighter paravertebral patches, and absent in two; laterally, some tubercles are unpigmented, forming conspicuous white speckles. Skin of ventrum glandular, relatively smooth. Outer finger reaches distal subarticular tubercle of third finger in 17 individuals, nearly reaching it in two and falling short in one; subarticular tubercles of third finger undivided in all individuals. Well-developed inner metatarsal tubercle separated from outer metatarsal tubercle by deep cleft in 12 specimens and by a shallow cleft in eight. Outer toe falls just short of basal subarticular tubercle of fourth toe in 19 specimens, extending beyond it in one.
Colour in life: dorsum of body light orange-brown to dark brown with scattered dark blotches joining to form a reticulated pattern in seven specimens; three to six paravertebral, and two to four dorsolateral patches present, indistinct in two; interocular bar present in 17 specimens, indistinct in three; light vertebral line distinct in 14 specimens, indistinct in three, present posteriorly in one and absent in two; heel-to-heel line distinct in five, indistinct in eight and absent in seven individuals. A broad, black stripe runs obliquely downwards from margin of lower eyelid, reaching the base of arm in 10 individuals, nearly reaching it in 10; anterior to this, a broad white stripe runs down to angle of mouth and onto upper and lower lips, separating the dark stripe from gular patch in 17 specimens. Gular region: in the two females, freckled and streaked on a white background; in the 18 males, heavy mottling is present in four, mottling and streaking in two, while dark pigmentation partially, to completely, obscures the mottling anteriorly and laterally in 12. Pectoral region and ventrum immaculate, white, with a few scattered spots in two males.
Colour in preservative: dorsum of body medium brown to dark grey, scattered dark blotches join to form a reticulated pattern. Paravertebral patches beige to dark grey. Interocular bar indistinct and beige to dark brown. Dorsolateral patches distinct and pale. Vertebral line prominent in most specimens, only visible posteriorly in a few and absent in two. Heel-to-heel line indistinct to prominent. Indistinct cream patch over urostyle where vertebral line and heel-to-heel line meet. Facial stripe prominent: dark grey to black. Gular patch of male uniformly dark in six, becoming mottled posteriorly in 12; mottled in females. Ventrum immaculate, creamy-white.
Advertisement call data for the paratype males is presented in Table 6 . No significant differences between the calls of the holotype male and the paratypes were found.
Etymology. This species is named for Neville Passmore in recognition of his contributions to South African herpetology in the field of bioacoustics, and for instilling a lifelong interest in frogs among his students, many of whom have also made significant contributions in this and other fields.
Distribution and habitat. Currently known only from the area West of Tembe Elephant Reserve, in the vicinity of the Phongolo River (Fig. 1 
Discussion
The lack of distinct morphological variation between B. adspersus, B. mossambicus and B. poweri and the apparently high morphological variation within these species have created difficulties in finding reliable diagnostic morphological characters. Taxonomists were obliged to use combinations of somewhat variable characters in their attempts to characterise these species. The presence of individuals that did not conform to these combinations were seen as an indication of hybridisation. For example, Poynton (1964 Poynton ( , 1982 and Poynton & Broadley (1985) postulated that B. adspersus and B. mossambicus hybridise extensively in areas of sympatry, producing hybrid swarms. Relatively "pure" adspersus was said to occur in the southwest (Okavango area), while "pure" mossambicus was restricted to the northeast (northern Mozambique). In the intervening "hybrid zone", individuals possessed various combinations of adspersus and mossambicus characters. They used the light paravertebral and dorsolateral patches as an index of hybridisation in the hybrid zone: both were said to be present in "pure" adspersus", neither, in "pure" mossambicus, and only dorsolateral patches in hybrids (Poynton & Broadley, 1985) . The discovery of a hidden cryptic diversity within the genus Breviceps in Zululand, may account for some of the taxonomic difficulties encountered in the past. The fact that this study did not succeed in identifying reliable diagnostic morphological characters for distinguishing between B. adspersus, B. carruthersi, B.mossambicus, B. passmorei, B. poweri and B. sopranus, may be accounted for by the relatively small sample sizes, or attributed to morphologically static cladogenesis, i.e. diversification of new species without morphological change (Bickford et al. 2007 ). Nevertheless, it has emphasised the need for a more careful morphological investigation of larger samples identified by call or molecular methods.
Frog advertisement calls provide reliable diagnostic characters, as they are species specific and subject to stabilising selection due to their role in mate recognition. In those species of Breviceps for which sufficient data for statistical analysis exist, call duration and pulse number show a high degree of interspecific differentiation, whereas pulse rate and, in most cases, dominant frequency, are relatively undifferentiated: this is also the case in the new species described here.
In this study, the advertisement call data was not adjusted to a common temperature or mass because the sample sizes were too small for the calculation of reliable correction factors. The ranges of call parameters measured at different average temperatures in different populations may show a greater degree of overlap than would be the case if the data was adjusted to a common temperature. For example, in the case of B. adspersus, call duration is negatively correlated with air temperature (Minter 1995) . The mean air temperature at which the B. adspersus sample from Polokwane was recorded was 15.7 o C (range 9.5-20.3, n=100, Minter 1995), while that of the B. passmorei sample was 18.9 o C (range 15.2-28, n=18, paratype sample). When the B. adspersus sample is adjusted to 18.9 o C (the average temperature of the B. passmorei sample), using the linear regression of call duration on air temperature (Minter 1995 , Fig. 4) , the mean call duration drops from 0.207 s to 0.175 s (ct. 0.305 s in B. passmorei).
Molecular analyses using 16S rDNA sequences have proven useful in several studies identifying new anuran taxa in South Africa. Recently, taxa such as Amietia (see Channing & Baptista 2013; Channing et al. 2016) , Cacosternum (see Conradie 2014) and Capensibufo (see Channing et al. 2017) have used the 16S marker to resolve various taxonomic issues, including the identification of cryptic species. Likewise this marker has played an important role in the identification of two new cryptic species of Breviceps in the current study. Both new species are distinguished from B. adspersus, B. mossambicus, B. poweri and B. cf. sopranus by a substantial interspecific genetic divergence of > 6.8% in the targeted fragment of the 16S rRNA gene.
Although our phylogenetic analysis is not well resolved (multiple polytomies), all the Breviceps species clusters within our analysis were shown to form well-supported monophyletic clades, with relatively high interspecies genetic variation (6.8-13.7%), and low intraspecies genetic variation (0.2-2.9%) within the B. mossambicus complex, as compared to the genera Cacosternum and Capensibufo with interspecies genetic variation of between 1.7-5.6% and 2.5-4.6%, respectively (see Channing et al. , 2017 . This indicates that although the phylogeny shows low resolution for the evolutionary relationships within the Breviceps species complex, the 16S mitochondrial marker is able to distinguish between species within this group. However, for future phylogenetic studies on this group we suggest that a the combination of several markers (both mitochondrial and nuclear) may provide better insight into the evolutionary relationships within the Breviceps species complex.
Four cryptic Breviceps species have now been described from KwaZulu-Natal and there is strong evidence that several additional undescribed species exist in this region and elsewhere (Nielsen et al. unpub. data.) . As noted in the Introduction, samples of B. passmorei were provisionally referred to B. adspersus by Minter (1998 , 2003 , together with syntopic individuals with a shorter advertisement call. The taxonomic status of the latter is currently under investigation as it also appears to differ genetically from B. adspersus populations closer to the type locality for B. adspersus (see Nielsen et al., unpub. data) . Breviceps populations from the Tembe Elephant Reserve and other localities in coastal Zululand and southern Mozambique, that were referred to B. mossambicus by Minter (1998 Minter ( , 2003 Minter ( , 2004b , differ genetically from samples collected at the type locality, Mozambique Island (Nielsen et al, unpub. data) and require further investigation. This candidate species has not yet been found to occur in sympatry with B. passmorei but occurs in its close proximity; advertisement calls from Maputo, Kosi Bay and Tembe Elephant Reserve (Minter 1998 ) have a short duration (mean 0.079s, range 0.046-0.104) and relatively few pulses (mean 11, range 10-14) and therefore cannot be confused with B. passmorei.
Pending additional distribution and other data, B. carruthersi and B. passmorei should be assigned to the IUCN category Data Deficient.
